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while for those who have before them years for 
continuous study the former method is to be com¬ 
mended, with those who have but an hour or two 
a week in which to quicken their scientific ap¬ 
preciation a sound w'orking knowledge of a far 
wider range of scientific phenomena, with a bear¬ 
ing upon daily experience, can be gained under a 
system which combines the workshop and the 
laboratory than by the conventional text-book 
treatment of science. 

Such is the problem before us, and a possible 
solution, stated in their simplest terms. As re¬ 
gards elementary education, the question is 
settled so far as Governmental authority is con¬ 
cerned by the requirement of the Act of 1918 that 
every local education authority must make suit¬ 
able provision for the practical instruction of older 
children. If this practical instruction is to have 
an educational significance beyond the mechanical 
repetition of manipulative exercises, however use¬ 
ful in themselves, then the illustration, the work¬ 
ing out in concrete materials, of scientific princi¬ 
ples or formulae must be the very basis. For the 
older children in elementary schools, and also on 
the industrial side of central schools, such a com¬ 
promise between the laboratory and the workshop 
is inevitable. In county boroughs and urban dis¬ 
tricts, where large, well-equipped centres are pos¬ 
sible, the laboratory and the workshop may be 
separate rooms, provided that the intimate rela¬ 
tion of one to the other is recognised, so that the 
problem set and illustrated in the laboratory is 
worked out at the bench, or, conversely, the pro¬ 
cess employed in the workshop is dissected and 
its principle revealed in the laboratory. 

This is precisely what is going on in the one new' 
type of school w'hich has been evolved in this twen¬ 
tieth century of ours. Junior technical schools are 
very different from the preparatory trade schools or 
pre-apprenticeship schools which they are gener¬ 
ally supplanting. Their purpose is to give a 
young person intending at sixteen to take up an 
apprenticeship in some branch of the engineering 
or building trades or professions, even archi¬ 
tecture or naval architecture, not only a human¬ 
istic training in English subjects (and, for the 
brighter intelligences, in a foreign language), but 
also a firm foundation in mathematics, in me¬ 
chanical drawing, and in the abstract principles 
underlying that branch of applied science popu¬ 
larly known as “mechanics,” on which they may 
build their careers—some going no further than 
to become the foremen of industry; pthers, during 
or at the end of their apprenticeship, proceeding 
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to university courses and becoming the Kelvins 
and Moultons of the future. 

Even in the sphere of adult education which is 
opening out before us there is scope for work on 
these comparatively simple and unambitious lines. 
The intelligent artisan who awakes to deficiencies 
in his early education and is anxious to improve 
his scientific equipment will often find the initia¬ 
tion into natural philosophy easier by way of the 
laboratory workshop than through the lecture 
theatre and the merely experimental laboratory. 
But here the argument must not be pressed too 
far, for the greatest is he who is able on reaching 
man’s estate to venture into strange seas of 
thought alone, and the man of science is great 
who approximates to that higher and more 
abstract ideal. 


Vitalism versus Mechanism. 

The System of Animate Nature: The Gifford Lec¬ 
tures delivered in the University of St. Andrews 
in the Years 1915 and 1916. By Prof. J. Arthur 
Thomson. (In two volumes.) Vol. i. Pp. 
xi + 348. Vol. ii. Pp. v +349-687. (London: 
Williams and Norgate, 1920.) Price 30s. net 
two vols. 

HE subject of the Gifford lectures was in¬ 
tended by the founder to be natural theo¬ 
logy regarded as a natural science and treated, 
just as astronomy or chemistry would be, with 
entire freedom from any prepossessions whatever. 
This rather difficult task has been attempted by 
two biologists, Dr. Hans Driesch in 1907-8, and 
Prof. J. Arthur Thomson in 1915-16. The first 
of these lecturers tells us that he set out to follow' 
biology along its own path—that is, from its nine¬ 
teenth-century “ naive realism ” towards its transi¬ 
tion to “a branch of the philosophy of Nature,” 
and such a progress he accelerated in no small 
degree by a method of treatment that w 7 as both 
critical and constructive. It was critical inasmuch 
as it included a penetrating analysis of the nature 
of the transformations that occur in living sub¬ 
stance, thus leading to the rejection of the notion 
of a peculiar “vital energy form,” and—which is 
equally important—it involved also a thorough 
criticism of the “ pseudo-psychology ” that had 
been employed in the study of animal behaviour. 
But it was also constructive in that it developed 
an old concept—that of “ enteleehy ”—deriving 
from this a series of “ psychoids ” which were re¬ 
garded as factors in organogenesis, metabolism, 
and behaviour. The Drieschian psychoids are not 
energetic agencies, but they function, as Leibnitz 
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suggested in regard to the human soul, like a 
wise prince among his subjects, or a good 
father in his household, by directing, suspending, 
and releasing activities rather than by exerting 
them. 

Now, after this strong and tough fare purveyed 
by Driesch, Prof. Thomson’s book may almost 
be called “light reading”; clearly it could not 
have been written from an easy chair, but it can 
easily be read in such. The aim of a study of 
animate Nature, Prof. Thomson tells us, “is to 
state the general results of biological inquiry 
which must be taken account of if we are to think 
of organic Nature as a whole in relation to the 
rest of our experience,” and it is just such a survey 
that he presents to us in a most agreeable manner. 
There is no inclination to make, or adopt, a 
system, and the criticism is seldom very penetrat¬ 
ing. One is told what is meant, in contemporary 
literature, by the ideas of “Body and Mind,” 
“Organism and Mechanism,” “Adaptiveness and 
Purposiveness,” “Disharmonies and Shadows” 
that prevent us from seeing, in the organic world, 
“the True, the Beautiful, and the Good,” and so 
on. But, in the main, the discussion centres 
round the contrasted hypotheses of mechanism and 
vitalism. 

What is vitalism? There are at least three 
grades, the author says. First there is a recogni¬ 
tion that the physico-chemical processes that go 
on in inorganic materials cannot explain animal 
behaviour; knowing only the former, we cannot 
predict the latter. This is the “very thin edge 
of vitalism.” Next there is the view that some 
particular “vital force,” or mode of energy, 
operates in living substance, but not elsewhere. 
Lastly, it has been thought that the organism is 
the seat of a non-energetic factor, or entelechy. 
This is “thorough-going vitalism.” In addition 
to these hypotheses there is Mr. E. S. Russell’s 
“methodological vitalism ”—a biological fact, such 
as a migration, is a unique activity which has 
to be explained. It is not explained by decom¬ 
posing it into an infinity of physico-chemical re¬ 
actions, for then the fact itself disappears, and 
we are left only with a great number of little, 
partial views or aspects of it, which are, no doubt, 
expressions of a mechanism of matter and energy, 
but not the thing itself. We must, therefore, 
study animal behaviour, not as a series of energy- 
transformations or even as the result of the 
operation of mind, but as irreducible data to be 
dealt with by themselves. This Prof. Thomson 
regards as the most satisfactory attitude yet sug¬ 
gested, and there can be little doubt about that; 
it is a method rather than an “ism,” and its out¬ 
come is investigation. 
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What is mechanism? As usually understood, 
the mechanistic conception of life states that the 
activities of organisms are physico-chemical 
—and nothing else. The notion comes down to 
us from Descartes, who recognised nothing in the 
organic world but matter and its configurations 
and motions (for, even when he placed the “ sensi¬ 
tive soul ” in man, he did not regard that as 
essential to animality). Now, matter, when our 
hypothesis of mechanism was elaborated, meant 
the chemical atoms; its configurations were 
chemical compounds, and its motions the 
expressions of energy-transformations. How to 
deal with consciousness on this hypothesis was 
always difficult, but, as a rule, the thorough¬ 
going mechanist ignored the condition, and re¬ 
garded as “ realities ” only objective things and 
processes. This was called “monistic panhylistn ” 
—which sounds well, at all events. 

Whichever of these attitudes one takes up (for a 
biologist is expected to be either a mechanist or 
a vitalist) depends on one’s education and its media, 
and also upon one’s temperament. Thus Prof. 
Thomson “ confesses to some sympathy with those 
who ask why there should be all this straining and 
striving to remove organisms from the domain 
which includes the stars and precious stones, 
Northern Lights and dewdrops ” ; but he does not 
think that mechanism “exhausts the reality of the 
earth and the heavens, still less that of the flower 
in the crannied wall.” On the other hand, Prof. 
D’Arcy Thompson is “not ashamed to uphold” 
that “the earth itself and the sea, the earth with 
its slowly changing face and the sea multitudinous 
with all its tides and currents and great and little 
waves, constitute a mechanism; the heavens them¬ 
selves, the sun and moon and all the little stars, 
are a glorious mechanism.” Obviously, having to 
make the choice induces sentiment. Now it would 
not be rash to say that the difference between 
mechanism and vitalism may suggest that between 
the Homoousians and the Homoiousians, but, like 
Gibbon when he wrote about the Arian contro¬ 
versies, one fails to trace any “real and sensible 
distinction ” between the “ isms ” that concern us 
here. What does one find if he tries to think it 
all out in the light of strictly modern, physical 
speculation? Does “determinism” mean anything 
at all in science? It is “strict ” only when we deal 
with mathematical functionality, and even then 
is not that just because the human mind, having 
made the rules, expects the answer? Obviously, 
this “ ism ” is a method, and not a result. Then, 
again, it is still very convenient to speak about 
atoms, etc. ; but in pure speculation (which is our 
field just now) we must get down to bedrock con¬ 
ceptions. Then the ultimate data of science are 
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not even space-time coincidences, and not even 
the dx’s, dy’s, dz’s, and dt’s (for these can have 
significance only when they are referred to other 
dx’s, etc.), but the relations between these unsub¬ 
stantial ghosts of reality and other similar ghosts. 
And are not these relations most obviously the 
products of the mind? If so, is not our 
mechanism at the same time also vitalism? 

Plainly, then, there is occasion for strong and 
resolute thinking in biology, as well as in physics, 
and until that has been done there ought to be an 
end to these back-number controversies. One fails 
to find this in Prof. Thomson’s book, but, none 
the less, it is a book that most certainly ought to 
have been written. It takes stock, so to speak,' 
of the situation of speculative biology at the begin¬ 
ning of a new phase in science, and it does so in 
a manner that is candid, comprehensive, and most 
attractive. Even to have compiled the biblio¬ 
graphy, for which a host of young biologists will 
be thankful, is worthy of the gratitude of both 
students and investigators. J. J. 


A Study of Weeds. 

Weeds of Farm Land. By Dr. Winifred E. 
Brenchley. Pp. x + 239. (London: Longmans, 
Green, and Co., 1920.) Price 12s. 6 d. net. 

T is a healthy sign of the broad-minded, prac¬ 
tical way in which agricultural research is 
being conducted that this handsome book on 
weeds should come from Rothamsted. It is neces¬ 
sary to employ the utmost refinements of mathe¬ 
matical and physical discussion in order to deter¬ 
mine the water-retaining power of soil particles, 
and to make recurring counts of the bacteria and 
other organisms present in a gram of soil, if the 
expert is to be furnished with the data he requires 
in order to advise the farmer on the manuring and 
cultivation of his soil. But the best of manures 
will fail of effect if the land is not clean, and agri¬ 
cultural investigators run the danger of perform¬ 
ing harmonics on the academic string if they do 
not constantly vitalise their thinking by watching 
the farmer at work and learning from him where 
the real difficulties arise. 

Dr. Brenchley’s book deals with weeds, and 
introduces us straightway to a big, and as yet 
an unsolved, problem—that of competition among 
living plants. As Rothamsted showed years ago, 
all the improvements in our agricultural plants, 
that selection for immense vegetative capacity 
which makes them such excellent productive 
machines, have not fitted them in the least to stand 
competition. When the wheat crop on a part of 
the Broadbalk field was left unharvested to sow 
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itself and recur to the wild life of struggle, it 
persisted for only three seasons. By that time 
the weeds had taken possession of the land, and 
the wheat could hold its own no longer. A weed 
is nothing more than a plant which can scratch 
a living under the stress of competition with culti¬ 
vated crops and in spite of the wholesale destruc¬ 
tion wrought by tillage operations. 

Dr. Brenchley begins her book with a de¬ 
scription of the devices by which weeds en¬ 
sure their continuance and distribution. Some, 
like the poppies, depend on the abundance 
of their seed; others, like the dandelion, have 
developed a plume or other device to spread 
wide their seed; others, again, like the creeping 
thistle or couch grass, possess a creeping under¬ 
ground stern which wall yield a plant from every 
fragment. This part of the philosophy of weeds 
is easy; we can see why particular weeds are 
abundant, but why other equally well endowed 
plants do not become weeds is less evident. As 
in other domains of thought, teleology is a fine 
weapon of argument until someone reverses it. 
There are other factors in competition we do not 
in the least understand. Why should certain 
plants, chiefly European, harmless enough at 
home, have such a deadly power of spreading and 
becoming weeds in the worst sense when they 
are let loose in Australia or America ? The prickly 
pear has rendered millions of acres unusable by 
man or beast in Queensland; every new' country 
shows some invader in impudent possession, 
“having the time of its life.” 

The factors in competition are as yet beyond 
our summing; some slight reaction to soil or 
climate may depress or improve the “ constitution ” 
of the plant to a degree that is not apparent and 
certainly not susceptible of measurement, yet that 
slight change does determine whether the plant 
can or cannot stand competition. Dr. Brenchley 
supplies an example in point. Spurrey and sheep’s 
sorrel are perhaps the most useful of indicator 
weeds—sure signs of soil acidity and lack of lime. 
Spurrey may be said never to be seen on chalk 
soils; on the sour Bagshot sands it will over¬ 
whelm the wheat. Yet these plants, when grown 
in pots and plots free from competition, grow 
better in limed or chalky soils than in their natural 
medium. The same thing has been observed with 
the calcifuge leguminous plants. 

The latter part of Dr. Brenchley’s book is occu¬ 
pied with a discussion of the association of par¬ 
ticular weeds with soils, especially arable soils, a 
question of which she has made the first system¬ 
atic study, and thereby upset a good many state¬ 
ments that had been put out on insufficient ob 
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